We have studied the morphology and the morphometric relations between alluvial fans and drainage basins in a bajada system including more than 20 coalescent fans developed since the Late Pleistocene as a result of the recent uplift of the Sierra Nevada (Betic Cordillera, Spain). Three allocycles of tectonic origin were recognised across which there is a clear evolution from debris flow to sheet flow dominated fans, in connection with a decrease in the volume of fines available in the source areas. The larger volume of accommodation space created by higher tectonic subsidence in the northern sector favoured vertical accumulation of sediment, with the appearance of less elongated fans. In the rest of the system, where subsidence is less, more elongated fans appear, with the development of incised channels and irregular distribution of sediment in depositional lobes. This involves the appearance of markedly asymmetric transverse profiles, as well as lengthy recurrence between the sedimentation events on particular sectors of the fans, where headward-eroding gullies develop. The lithology of the source area, where intensely fractured rocks are found, is responsible for an important sediment supply and a significant degree of clast sorting from the source area. Consequently, a weak longitudinal trend in particle size can be recognised, which influences the predominance of longitudinal constant-slope profiles and anomalous relations between both fan area and fan slope and their drainage areas. Recent intense tectonic activity has caused the appearance of abnormally low slopes in upper sectors of some catchments, where mass flows are trapped, and the fans present a subsequently higher proportion of sheet flows. Recent piracy phenomena can be recognised in some of the drainage basins, which indicate rejuvenation of the source area, in which case the fan presents a rapid increase in the proportion of mass flows with the development of a segmented longitudinal profile. Due to the recent nature of the processes, the morphometric relations in the fan fed by the basin affected by capture do not coincide with the other fans in the area. 0 1997 Elsevier Science B.V.
Introduction optimum development of alluvial fans. A clear ex-
The entire border area of Sierra Nevada (southern Spain) includes zones with ideal characteristics for highest reliefs of all the Iberian Peninsula. This means that it is subject to heavy precipitation in the form of rain and snow. The rocks of this part of the Sierra Nevada are also intensely fractured and brecciated, which favoured rapid weathering and their incorporation into the external geological cycle. Thus. the ideal topographic situation, the important volume of water precipitated on the uplifted areas and the production of a large quantity of detrital sediment in the drainage areas have led to the development of over twenty alluvial fans on the southwestern margin of the Sierra Nevada from the Late Pleistocene to the present, which have coalesced to form a bajada system (Fig. 1) .
Our main aim is the morphological characterization and the morphometric relations between the drainage basins and the fans. However, analysis of the depositional processes and facies distribution allows us to put forward hypotheses regarding the role played by the mechanisms controlling the geomorphological features of the system. Particular attention is paid to determining the processes responsible for geomorphological and morphometric differences between fans in different sectors of the study area, as well as the reasons why these fans differ from systems studied in other regions. Likewise, as in other studies such as Mather (1993) and Mather and Westhead (1993) , the results of this research help to underline the importance of geomorphological processes related to the evolution of drainage networks in the source areas as generators of particular facies assemblages, architectural elements and sequences that are frequently attributed by sedimentologists working on fossil systems to climatic variations or tectonic processes.
Other studies which are based on integrated analyses of fan geomorphology and sedimentology include those by Fraser and Suttner (19861, Muto (1987) , Wells and Harvey (19871, DeCelles et al. (19911, Lecce (19911, Nemec and Postma (1993) , Blair and McPherson (1994a,b) in other regions, and some examples from southern Spain, close to the study area (Harvey, 1984 (Harvey, , 1987 Silva et al., 1992) .
Geological setting
The bajada system under study is located in the Betic Cordillera, which, together with the North African Rif, constitutes the westernmost Alpine chain created by the closure of the Tethys (Sanz de Galdeano, 1990) . More specifically, the so-called Padul Depression is a small tectonic depression which has been isolated from the Granada Basin since the Pliocene and located in the Internal Zone of the Betic Cordillera, at the southwestern extreme of the Sierra Nevada (Sanz de Galdeano, 1996) . The Padul Depression is bounded by a series of faults striking NNW-SSE, intersected by others striking E-W, which divide the small basin into a number of blocks subject to different rates of subsidence (Lhenaff, 1965; Santanach et al., 1980; Domingo et al., 1983) . This is a basin with very intense neotectonics and active tectonics. Boundary fault movement since the Late Miocene has been calculated at up to 2000 m, and periods have been identified in which movement can be measured in several mm/year (Sanz de Galdeano, 1996) . The rocks making up the basement for the Upper Pleistocene-Holocene fan system can be divided into three groups: Alpujarride Complex rocks (Internal Zone of the Cordillera), Neogene sediments of the Granada Basin fill and of the Padul Depression itself (Fig. 2) .
In this sector the Alpujanide Complex rocks correspond to a Triassic succession made up of schists, phyllites and limestone and dolomitic marble. The filling sediments of the Granada Basin consist of conglomerates, calcarenites and marls deposited during the Late Miocene (early Tortonian) under shallow marine conditions. Lastly, underlying the fans that constitute the object of this study, two unconformable alluvial groups can be distinguished in the Plio-Pleistocene sediments of the Padul Depression, which grade towards lacustrine sediments in the centre of the basin (Sanz de Galdeano, 1996) .
The present fans are almost exclusively fed by limestone-dolomite detritus from the Alpujarride Complex (Fig. 2 Bates and Jackson, 1987) . On the other hand, in other sectors fracturing is very weak. This difference has an important role in the predominant erosional processes in the drainage areas. Kakirites occupy most of the area, where physical weathering is predominant, with rapid mobilization of a large volume of moderately sorted detrital material from the source area. However, the less fractured zones, which tend to coincide with the less dolomitized parts of the series, are predominantly karstic. This is also reflected in the morphometry and sedimentary processes occurring in the fans. The most ancient fan generation in the system under study also shows evidence of being partially fed by the Neogene sediments described above.
During the development of this system (Late Pleistocene-Holocene), the basin has been segmented into blocks, with a more subsiding northern sector containing the lacustrine area that constitutes the local base level of the fans. The fans abut onto the southwestern border of the Sierra Nevada, which has been subjected to important uplift in the Pleistocene, as observed in this and other sectors of the Betic Cordillera (Santanach et al., 1980; Platt, 1982; Domingo et al., 1983; Weijermars, 1985; Viseras and Femandez, 1992; Mather, 1993; Mather and Westhead, 1993; Sanz de Galdeano, 1996; Calvache and Viseras, 1997) . The basin was an endorheic (enclosed) depression until the end of the 18th century, when Count Villamena y Cozvijar ordered the construction of a number of ditches to drain the marshy area (Villegas, 1972) .
Facies architecture

Allogenic cycles
The excellent outcrops provided by the quarries on some of the fans allow recognition of three main cycles that seem to be common to the whole system. Differentiation between the cycles is based on their stratigraphic relations and is also indicated by different dominant sedimentary processes in each cycle.
Sediments of the oldest cycle, which only outcrop in very proximal sectors, have a minimum thickness of 50-60 m and, where deformation is minimal, dip up to 30" towards the basin centre. The sediments of this cycle are frequently faulted and tilted and, locally, are transported by the basin margin faults to positions completely disconnected from the sedimentation area of subsequent generations.
Sediments of the intermediate cycle, with thicknesses up to 40 m, lie unconformably on the former, and dip up to 20" in the most proximal zone.
Sediments of the third cycle (5-15 m thick) appear near the basement as a proximal onlap on the preceding cycle, so that the apices of these third-generation fans are displaced towards the source area, sometimes even penetrating the drainage areas and locally fossilizing the fault from which the intermediate generation developed. In more distal areas the base of this third cycle is characterized by a number of erosional scars 1.5-2 m deep and 3-4 m wide which we interpret as headward-eroding gullies developed during a period of less constructive activity occurring between the two generations.
The geometric relations between the sediments of the three cycles suggest a tectonic origin for this high-range allocyclicity. There are no data on absolute age of the alluvial sediments studied here. Because of their stratigraphic position overlying other well-dated formations and also because they are coeval with at least the uppermost part of the lacusnine sediments in the centre of the basin, they could be indirectly dated to the (possibly Late) Pleistocene-Holocene (Lhenaff, 1965; Domingo et al., 1983; Sanz de Galdeano, 1996) . Therefore, with the available data, we are as yet not in a position to date each of the constructive cycles and the destructive periods between them.
Another type of sedimentary rupture is recognized, involving the rapid transformation of the sedimentation processes acting on a sector of a fan. These ruptures only appear in some of the fans of the system studied, and do not occur simultaneously in the different cases where they are found. These are cycles linked to sharp increases or decreases in the extension of the drainage areas as a result of cases of piracy. These captures involve displacement of the intersection points, transformations of the erosional or accretional nature of the incised channels, volume changes and sometimes changes of position in the non-cohesive debris flows. There are also, but much active depositional lobes, all of which are processes less significantly sorted clast-supported gravels with associated with rapid variations in the volume of horizontal bedding (Gh facies) corresponding in this detrital sediment supplied by the feeder channel.
case to sheet flows. Finally, other sequences of a clearly secondary nature to those described above were identified. These are caused by autogenic processes and are described in the following section.
Facies distribution throughout the radial profile of a fan is very similar in the final and intermediate cycles. There follows a description of the facies and architectural elements at four, proximal to distal positions of the profile.
Autogenic processes and resulting architectural elements
Although the primary and secondary autogenic processes recognized are common to the three generations of fans, there are variations in their relative importance as constructive elements in the alluvial sequences.
The sediments corresponding to the most ancient generation only outcrop in proximal facies. Here we can identify mainly cohesive debris flows, with matrix-supported fabric and weak, mainly inverse grading in beds 0.5 to 1.5 m thick (Gmg facies of Miall, 1996) . Clast-supported angular gravels are also found to a lesser extent, with little matrix and a slight tendency to inverse grading (Gci facies of Miall, 19961, which we interpret as rock avalanches or
In the most apical zone, where some fans are backfilled into their drainage areas (mountain front embayments) channel-like bodies can be recognized that are lo-15 m wide and l-3 m deep, mainly filled with cohesive debris flows (Grnm and Gmg facies), which we interpret as former positions of the incised channel. The upper parts of these mass flows often present fine-fraction winnowing. This is undoubtedly caused by overland flows (Horton, 1945) between debris flow events, as locally there is some indication of weak clast imbrication, which does not occur in lower, non-winnowed parts and reveals the beginnings of sediment reworking. This architectural element is intercalated in a unit with predominant presence of facies couplets, creating fining-upwards sequences 5-15 cm thick consisting of gravels with little matrix at the base and horizontal bedding (Gh) overlain by sands with very low-angle cross-lamination, frequently dipping against the slope 61, Fig.  3 ). These are typical sheet flood couplet facies (Blair and McPherson, 1994a,b) . Gmm facies appear to a lesser extent in IO-15 cm layers, corresponding to the extremes of the debris flows that overflowed from the incised channel. Flat, upwardly convex lenses are also intercalated in the Gci facies (rock avalanches). Locally large, isolated clasts (up to 1.5 m diameter, Gi facies) are distributed chaotically among the different types of facies described, partially destroying the original bedding (Fig. 4) . These are loose boulders fallen from the walls of the canyon that have not undergone extensive transport in the feeder channel.
At the adjoining distal position, i.e. in the basin itself and immediately below the intersection point, the fans are constructed by stacking of flat, upwardly convex bodies l-3 m thick and 70-100 m wide. Internally these mainly consist of two types of components: biconvex or flat, upward convex lenses with 15 cm maximum thickness and 1.5 to 2.5 m wide. made up of gradationless or crudely inverse, highly angular gravels with openwork fabric (Gci facies) corresponding to rock avalanches. The typical Gh-SI couplet facies corresponding to sheet flows described above occur in the depressions between two adjoining lobes. Exceptionally, the extremities of the mega-lobes are crowned by l-2 cm horizons of intensely red clays and some traces of roots (Fr facies) corresponding to the incipient development of soil.
At a rather more distal position, the fans are also built on mega-lobes of similar thickness to those of the previous position, but with more lateral extension (250-300 m>. The main facies are the Gh-Sl type resulting from sheet flows. There are also two types of lenticular bodies, one 30-50 cm thick and 3-4 m wide consisting of cohesive debris flows (Gmm), and another equivalent to the rock avalanches in the more proximal position (Gci, Gem), although here they are much less abundant, less thick (lo-15 cm) and wider (up to 3 m). At this position the mega-lobes are clearly crowned by a layer in which the clays making up the matrix of the debris flows show the incipient formation of carbonate nodules (Fr facies transitional to P), as proved by the episodic character of sedimentation in this part of the fans (Fig. 5 ). There is, lastly, a destructive factor, consisting of channels with a strongly erosional bottom that cut Fig. 4 . Sedimentary facies in proximal areas of the fans. Notice the presence of large loose boulders (Gi facies) disrupting the bedding 1.5-2 m into the top of the mega-lobes. They are build up in a multistorey fashion showing four or five episodes with normal grading, made up of a lag of massive gravels at the bottom, changing upward to pebbles and coarse sands with horizontal lamination (Gh, Sh) or, locally, trough cross-lamination (Gt facies). These are headward-eroding gullies that developed during periods of inactivity of the depositional lobe on which they are found (Fig. 5) .
Finally, 70% of the most distal part consists of sheet flow couplets (Gh-Sl), whose matrix has in many cases been removed by overland flow winnowing. Small (20-40 cm), not very incisive channels are also found, filled with Gt facies and, exceptionally, cohesive debris flows (Grnm), at times presenting inverse grading (Gmg). There are also a few soil horizons (Fr, P).
The clearest difference between the intermediate and final cycle of the fans consists not so much in the type of architectural elements, as well in a general trend to a higher proportion of sheet flows in the most modem episode and a lower proportion of matrix in all the types of litbofacies. It can therefore be inferred from facies analysis that, in general, the fans undergo a gradual transformation across the three mega-cycles described above, changing from approximately typical debris-flow-dominated fans (Stanistreet and McCarthy, 1993; Blair and McPherson, 1994a) at the beginning, to sheet-flow-dominated fans in the intermediate and final stages. We understand that several allogenic control mechanisms can be simultaneously involved in this evolution. In this example, one of the most important seems to be the type of material available in the source areas in each period. When sedimentation began, supplies came partly from the erosion of underlying Neogene material. This is shown by the presence in the sediments of the first cycle of schist clasts from the NevadoFilabride Complex (which outcrops well to the east of the present source areas of the fans). They present a high degree of roundness, even when occurring in matrix supported debris-flow facies, and are therefore clearly resedimented. The presence of clasts of calcarenites and marls is further evidence of this erosional process. On the other hand, in the intermediate and final cycles, the Neogene sediments, which are mainly responsible for the higher proportion of matrix in the initial cycle, become increasingly scarce in the source areas, to the extent that at present they are only small outcrops (Sanz de Galdeano, 1996, fig. 1 ).
Other factors can act jointly with this temporal Fig. 5 . Palaeosol horizon (P facies) between two stages of fan building. Channels entrenching the palaeosol horizon correspond to headward-eroding gullies developed in a period of inactivity of the underlying lobe.
development on the lithology of the drainage areas to give rise to the differences in facies presented by the three cycles. As occurs in other cases elsewhere in southeast Spain, there must be considerable climatic influence (Harvey, 1984 (Harvey, , 1990 . Sedimentation of the first alluvial deposits during the Pleistocene would have occurred under more humid conditions, which implies greater hillslope soil development, leading to slope failure and hillslope debris flow activity. Also, as can be seen in other cases, the ageing of the catchments may involve progressive removal of soils. As there is then much more bedrock exposed, more modem sediments would be fed by freshly weathered bedrock, in this case kakirite (Harvey, 1984 (Harvey, , 1990 .
Probably as a result of the joint action of these three mechanisms, the most modem cycle is almost exclusively fed by the products of kakirite erosion, which are detrital sediments with a high degree of sorting from the source area and very scarce matrix. This non-sedimentary sorting is responsible for an unusual proximal-distal consistency in the size of the clasts making up the sheet-flow facies.
4. Morphology, morphometry and morphometric relations in the system
We analyze the main morphological features of the fans and their drainage basins, as well as some of their constitutive elements. We then focus on the connection zone between the fans and their drainage basins. Finally, we analyze the possible relations between the different parameters of the drainage areas and the fans. The results are interesting and somewhat atypical as regards the relation between the areas of the fans and the drainage basins, and also regarding the relation between the basins and the slope of the fans formed. The relations between other parameters, such as slope of feeder channel vs. slope of fan, do not provide noteworthy results, as the values determined are similar to normal values found in other systems (Blair and McPherson, 1994a) .
The geomorphological analysis was carried out in the field and on 1 : 20.000 scale aerial photographs. All the information was transferred to a 1: 10.000 scale topographical map with 10-m contour lines, which was then used to obtain all the morphometric data, as well as the longitudinal and transverse profiles of the fans and their catchments. Not all the fans in the bajada system were able to provide all the data considered in this analysis. Most of the information corresponds to 22 fans (Fig. 61 , although in some figures only the most representative examples are indicated.
The main parameters used in the morphometric analysis were the following.
-Fan area ( FA 1, the total planimetric area of each fan.
-Drainage basin area (DA ), the total planimetric area of each basin.
-Fan slope (F,), mean gradient measured along the axial part of each fan or along the axial part of the active depositional lobe, when developed.
-Basin slope, obtained following Roche (1963) and Antigtiedad et al. (1981) by the equation: eL/A, where e = equidistance, L = total length of contour lines, and A = basin area.
-Gravelius index (Gi), basin perimeter divided by perimeter of a circular basin of an identical area (Gravelius, 1914) .
-Sweep angle (A,) , the angle between the two outermost positions of the channels on a fan (Viseras and Femandez, 1994) .
Fans
Plan-view morphology
Elongated morphologies are predominant, as corresponds to a system of coalescent fans, with sweep angles from 18" to 80" (Fig. 6 ). Only three fans present higher values, with more semicircular morphologies, each located on one of the three distinguishable sectors of the system: N?V sector (fan 7, sweep angle 118'1, Central sector (fan 14, sweep angle 88") and SE sector (fan 16, sweep angle 86"). Fig. 7 shows the longitudinal profiles according to a radius on the fan zone of most recent sedimentary activity. The mean slope of the fans ranges from 0.08 to 0.24 and the majority present a profile that tits the models described as having constant slope (Fig. 7, fans 7 , 10, 15, 16). Fans 14 and 22 do not fit this trend. Fan 14 has a characteristic concave upwards profile with a slope that gradually decreases from the apex down, whereas the profile of fan 22 is segmented into two parts with constant, but very different slopes.
Longitudinal pro$les
Transverse proj?les
Topographic sections perpendicular to the axes of the fans show convex upwards profiles that are more pronounced in proximal zones and somewhat more irregular in distal zones, where neighbouring fans coalesce (Fig. 8) . The strongly asymmetrical nature of the profiles of some fans in the Central and SE sectors (14, 16 and 22) contrasts with the more symmetrical nature of the fans in the NW sector (7).
Development of an incised channel and depositional lobes
The presence of an incised channel in the most proximal part of the fans is a characteristic feature of all the fans in the Central and SE sectors, where the channels reach from 100 to 450 m in length, whereas in the NW sector there are no such channels (Fig. 6) . Naturally, the presence of this incised channel implies the recognition of active depositional lobes from the intersection points of the fans where they are present. This fact has implications for the sedimentary and erosional dynamics to which the fans are subjected and also for their morphology (e.g. Nemec and Postma, 1993; Blair and McPherson, 1994a; Ferrill et al., 1996) .
Development of headward eroding gullies
As in the case of the incised channel, headwarderoding gullies are easily recognised in the Central and SE sectors (Fig. 11 , but not in the NW one.
Drainage basins
Size, shape and drainage patterns
The size of the drainage basins varies strongly, from 0.028 km* to 1.762 km*, the latter value corresponding to fan 7. The geometry of the basins, expressed as a value of the Gravelius index (Gi), ranges from 1.26 to 1.88, where, once again, fan 7 is outstanding in the NW sector, where the basins are more circular, as it has the basin with the lowest Gi.
The highest values, corresponding to the basins with most elongated geometry, are found in the SE sector, where values of Gi are invariably higher than 1.5. It should be pointed out that the drainage network with the largest feeder channel (5) is not the one with the largest drainage area (fan 71, but the basin of fan 14 (Fig. 6) . In fan 7 and, as a general trend in the basins of the NW sector, network densities are rather low, with a low number of lst-order channels. Towards the south, however, the networks become denser, apparently as a result of a gradual increase in the degree of fracturing of the carbonate on which the drainage networks are installed, which favours erosion by mechanical action of water. Once again, fan 22 (located in the SE sector) is the exception, for the highest part of its drainage basin has a very low Fig. 9 . Feeder channel long profiles above some of the fans. The slopes of the feeder segments are labelled (see also Fig. 10) density, with long, widely separated channels (Fig.  6 ). These are characteristic features of a karstified zone, coinciding with our recognition in aerial photographs of karstic forms such as dolines and uvalas.
Relief
The mean slope of the drainage basins ranges from 0.36 to 0.78, with the highest values being found in the NW sector, where all the basins slope to over 0.58. In the Central and SE sectors, no basin reaches this value, although fan 22 is once more outstanding with a value of 0.5. Fig. 9 reproduces the relief of each basin along the feeder channel, i.e., the channel of the highest order in the basin. The most outstanding feature is the interruption of the slope most clearly observed in the basins of fans 16, 22, 14 and 10, and more subtly in fan 7. These interruptions coincide with Holocene faults that have modified the channel profiles (Fig. 10) . Other noteworthy features that also coincide with peculiarities in the recognizable architecture of facies in the fans are the steep slope of fan 16 (up to O&l), which also has the highest proportion of debris flows in its proximal part, compared with the other fans in this part of the system, the low degree of slope along most of the feeder channel in the basins 14 and 7, and, as a general trend in the basins of the NW sector, network densities are rather low, with a low number of 1 St-order channels.
Alluvial fan -drainage basin relations
Connection between fans and their drainage areas
In the majority of the alluvial fans described in the literature, the slope of the feeder channel in the zone near the apex coincides with or is slightly higher than the slope of the most proximal part of the fan (Bull, 1962) . In this case, this difference is rather noticeable, if we consider the slope over a distance of 500 m in both the feeder channel and the proximal zone of the fan, reaching over 0.36 in fan 19. The difference between the two zones is only less than 1" in fan 15. Another remarkable feature in the connection zone between two fans and their drainage basins is that some of the most representative fans in the SE sector (16 and 22) present an incised channel displaced towards the NW as regards the feeder channel. This is evidence of the recent activity of the fault bounding the bajada system in this sector, and reveals a certain horizontal component in the slip. 
Drainage area (0,) llersus fan areu (FA !
Comparison of these two parameters offers one of the most interesting correlations. By representing this relation on a log-log plot (Fig. 1 l) , we find that, although the data could fit a single exponential function ( FA = 0.4526 Di.063, correlation coefficient 0.72) the correlation coefficients increase significantly if the data are grouped into two populations corresponding to the functions FA = 1.822 0: 4878 (COXT. coeff. 0.97) and FA = 0.2081 Dtszo9 (corr. coeff. 0.90). In his study of data from a large number of fans, Harvey (1990) proposed that the most frequent values of the exponent of DA usually vary from 0.7 to 1.1. It is significant that the data populations grouped around one or the other of the lines in Fig.  11 correspond to particular sectors of the system studied, and that they coincide with particularities of the geomorphological features. The data on the upper line correspond to the fans and basins in the Central and SE sectors, whose geometrical characteristics are more elongated shapes, development of incised channels, well defined active depositional lobes and headward-eroding gullies (Fig. 6) . On the other hand, the data for the fans in the NW sector, which do not present these features, are grouped around the lower line of Fig. 11 . We should also draw attention to the high DA exponent (1.48) on the line corresponding to the data for the Central-SE group. This high value indicates that the fan areas are disproportionately large in relation to the drainage basin areas. Once again, fan 22 stands out from the general trend and falls in with the lower line in Fig. 11 , which otherwise represents the data from fans in the NW sector. This 'anomaly' disappears if we exclude the area recently captured by the basin of fan 22 (Figs. 6  and 11) . The relation between these two parameters can also fit a potential type function, F, = 0.139D~"~'45s, although the correlation coefficient is low (0.61). Once again, the correlation is much higher when the same groups of fans and basins as in the previous instance are treated separately. Thus, the data from the NW group fans would fit with the function Fs = 0.1424Di" lz9', with a correlation coefficient of 0.80 and the Central-SE group with F, = 0.1278 DiO 2642, with a correlation coefficient of 0.85. In this case, the values of the DA exponent of the Central-SE group fall within the range of values determined for the majority of examples described by other authors ( -0.35/ -0.15, Bull, 1962; Hooke, 1967; Harvey, 1988; Silva et al., 1992) . Nonetheless, the fans of the NW group (with a DA exponent of -0.13) present a somewhat higher slope than normal as regards the extension of their respective drainage areas. Fig. 12 . Drainage basin area versus average fan slope log-log plot for the NW and Central-SE groups.
Discussion: control mechanisms on morphology and morphometry of the system
In the previous section we described some features of the fans in the system that do not correspond to the majority of examples described in the literature, and also pointed out significant differences between the fans of the NW sector and those in the Central and SE sectors. We now discuss to what extent tectonics, the lithology of the source areas and the physiography and physiographic evolution of the drainage basins affect the peculiarities in the sedimentary processes occurring in the fans, thus causing geomorphological anomalies in them.
I. Tectonics
Tectonics plays a double role. On the one hand, there have been recent displacements in the zone occupied by the drainage areas, as well as between the basement and the basin in which the fans accumulate and, on the other hand, tectonic activity is responsible for the more intense subsidence in the northern sector of the basin, which gives rise to significant differences in the rate of creation of accommodation space between some sectors and others .
Apart from being one of the basic causes of the alluvial system due to having created a physiographitally highly contrasted environment, the fact that this is an area of intense recent tectonics (Sanz de Galdeano, 1996) is also responsible for the important relief recorded in most of the drainage basins, the slope interruptions found in the profiles of the feeder channels (Figs. 9 and 101 and the persistence of the significant difference in slope between the lower part of the feeder channels and the most proximal part of the fans. Were it not for the continuous tectonic rejuvenation of the source area, this last feature would tend to be eliminated by the sedimentary processes.
The higher rate of subsidence in the NW sector may also be responsible for the absence of incised channels in this sector, where the continuous subsidence and, subsequently, the large-scale creation of new accommodation space, lead to vertical accretion of the fans, rather than the appearance of erosional features. Consequently, in the Central and SE sectors, where well developed incised channels are found, the fans are mainly built up by stacking of accretion lobes starting at the position of the intersection point in each case. We can thus explain the higher asymmetry detected in the transverse profiles (determined by the position of recent depositional lobes), the generally more elongated morphology of the fans (given that in the northern sector the sediment is invariably distributed from the apex of the fans and not from an intersection point of variable position located at some distance into the fan> and the appearance of headward-eroding gullies in broad areas of the fans affected by lack of sedimentation over long periods of time (a circumstance that does not occur in the fans of the NW sector). The existence of an incised channel, which was considered by Blair and McPherson (1994a) to be indicative of the degree of maturity of an alluvial system, is in our case the result of lower subsidence in certain sectors of the basin together with conditions of important sediment supply. The continuous creation of accommodation space in the NW sector may also contribute to the steep slope of the fans as regards their drainage area, i.e., the constant sinking of the basin bottom would maintain a strong topographic contrast on the basin margin, that would be occupied by steeply sloping sediments.
Climate
The geometrical relations between the beds of the three cycles identified in the alluvial formation lead us to consider a tectonic origin for this high-range allocyclicity. However, as stated above, the differences found in the facies making up each cycle may be due (in combination with other factors) to variations in the general sedimentary characteristics of the source areas brought about by Quatemary climatic change, as has been suggested for other examples elsewhere in southeast Spain (Harvey, 1984 (Harvey, , 1990 .
Lithology of the source area
The particular lithology of the drainage areas, consisting of intensely fractured rock (a feature which is more marked towards the southeast), results in higher density of drainage in the more intensely fractured zones, as well as in providing an abnor-mally high amount of detrital material which, moreover, is already relatively sorted on leaving the source area. This initial sorting is responsible for the abnormally low rate of grain size slope down the radial profile of each fan, described as a determining feature for predominance of longitudinal profiles with constant slope (Blair and McPherson, 1994a) . Fan 14 is an exception to this pattern, as this is the largest fan and therefore the one that allows the highest differentiation by size in the longitudinal distribution of the sediment.
The high positive relation between the fan area and that of their respective drainage basins may also be due to the fact that the latter are easily eroded. The fact that this feature is less significant in the NW sector of the study area may be due to the lower degree of fracturing in the source rock in this sector. However, as in other cases (Ferrill et al., 19961, we cannot exclude the possible responsibility of the greater subsidence affecting this part of the basin, as it creates an important accommodation space that favours vertical accumulation of sediment, as opposed to expansion of the fans. This explains why fan 7 (NW sector), with the largest drainage area (1.762 km'), has a fan area less than one third that of fan 14 (Central sector) (3.059 km2 as against 10.630 km'), whose drainage area is even slightly smaller (1.663 km').
Physiography and evolution of drainage basins
As regards the control that the physiography of the drainage basins exercises on the morphology of the fans, we should first of all point out that the fans with highest sweep angles in each of the three sectors (7, 14 and 16) correspond to those with largest drainage area in their respective zones. These fans dominate their neighbours and develop a more semicircular morphology. Smaller fans then fit between the larger fans, are partially confined by them and therefore develop elongated forms.
Another outstanding feature is the abnormally high proportion of sediments caused by sheet flows in the construction of fan 14, in comparison with the rest of the system. This circumstance causes an increase in fan radius, since mass flows are scarce and concentrated in the most apical zone. This can be due to the existence of reaches of feeder channel in the upper part of the drainage basin whose bed presents a very low slope (0.09-0.07, Fig. 9 ). A part of the mass-flow generated in the basin does not have the run-out capacity to continue past the lower-gradient zones and does not reach the fan, as seen in other examples (Blair and McPherson, 1994a) .
Lastly, the recent evolution of the drainage basin of fan 22 explains why its morphometric features do not coincide with those found in the rest of the system. Our interpretation is that the basin of this fan has recently undergone a sudden increase due to the capture of an ancient endorheic basin located to the northeast (Fig. 6) . Apart from headward erosion, we cannot discount the possible involvement of tectonic processes in this capture, since the two basins (original and captured) are divided by a fault. This capture is so recent that the morphological properties of fan 22 relate to its pre-capture drainage basin. This fan therefore differs from the surrounding fans as regards the morphometric comparison between fans and drainage basins. However, this fan shows some geomorphological and sedimentological features that indicate an incipient reaction to the situation created since the capture. In our opinion, the segmented profile with a very steep slope in the most proximal part is the result of a rapid increase in supply volume, with an important contribution by mass flows and rock falls due to rapid incision in the mid-basin. This coarse sediment is transported by fluvial processes from the mid-basin to the fan. This is consistent with the vertical evolution of facies detected in the proximal part of the fan, between a lower part of the section widely dominated by sheet flow couplets and an upper part dominated by rock avalanches, including large loose boulders (up to 1.5 m in diameter> from rock falls. This vertical evolution of facies occurs suddenly, although no unconformity is detected. The anomalous situation of the datum for fan 22 in the fan-area/drainage-area graph (Fig. ll) , plotting within the data for the NW sector fans, can also be explained by the capture process. If we exclude the drainage area corresponding to the supposedly captured sector, the plotting position for fan 22 would be relocated in the upper portion of the graph, together with the other fans of the same sector (Fig. 11) .
Concluding remarks
Analysis of the Quatemary bajada system abutting against the southwestern border of Sierra Nevada (SE Spain) allows us to reach conclusions on the role played by different allogenic control mechanisms on the geomorphology, morphometry and sedimentology of alluvial fans:
(1) The sectors of the basin subjected to greater tectonic subsidence where, subsequently, the rate of creation of accommodation space is highest, are occupied by wide sweep angle fans with very steep slopes in relation to their drainage basin areas. On the other hand, the less subsiding sectors present more elongated fans with development of incised channels, with sedimentation concentrated in lobes and implantation of headward-eroding gullies in inactive areas.
(2) The least subsiding area coincides with that of highest brecciation of source rock, which leads to high sediment supply to the fans. The combination of both circumstances results in a very high relation between the fan areas and their respective drainage basins.
(3) The intense brecciation of source area rocks also influences the appearance of features characteristic of systems supplied with relatively sorted sediment, such as constant-slope longitudinal profiles and low down-fan grain-size development.
(4) From the Pleistocene to the present, climatic evolution towards less humid conditions may be reflected in a progressive decrease of the proportion of mass flows as against sheet flows, resulting from the lower developments of soils in source areas affected by dry climate.
(5) Recent faulting in the source area leads to the appearance of low gradient (0.07-0.09) zones in the upper parts of some catchments. Part of the mass flow sediments are trapped here, leading to a higher proportion of sediments due to sheet flows in the fans.
(6) Finally, the case under study reveals how capture processes of drainage basins are recorded on the fans as abrupt modifications in sedimentary style. Thus, sheet-flow sedimentation is overlaid by rockfall deposits and rock avalanches caused by rapid incision of the feeder channel in the mid-basin. It also serves to illustrate how a capture process (likewise reflected by the appearance of a segmented longitudinal profile in the fan> can exercise allogenic control on sedimentation, which should be taken into account in the analysis of fossil sequences.
